GLASS SUBSTRATE AND GLASS CUTTING METHOD 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] 

5 The present document is based on Japanese Priority 

Document JP2002-215760 , filed in the Japanese Patent Office 
on July 24, 2002, the entire contents of which being 
incorporated herein by reference. 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 
[0002] 

The present invention relates to a glass substrate that 
is formed by cutting glass with laser light radiation and 
15 forced cooling, and to a glass cutting method. 

2. Description of Related Art 
[0003] 

In general , as a glass cutting method for cutting a glass 
20 plate vertically and horizontally to produce a glass 
substrate with predetermined width and length, there is a 
mechanical cutting method as described in, for example, 
Japanese Patent Publication No. 11-71124, or a laser cutting 
method for using laser light radiation is employed. 
25 [0004] 

In the case where a cutting method with a mechanical 
process is employed, a blade pressurizes glass to generate 
median cracks, that is, cracks propagating vertically onto 
a glass surface, thereby cutting the glass. In this cutting 
30 method, the thus formed glass cut faces are brought into 
contact with each other in a depressurization step of the 
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blade, resulting in generation of lateral cracks, that is, 
cracks propagating horizontally on a glass surface. 
[0005] 

Therefore, it was conventionally difficult to 
5 perfectly prevent the generation of microcracks , that is, 
lateral cracks generated on a cut face in a mechanical glass 
cutting process. The generation of cracks also leads to 
generation of a pulverized powder, so-called cullet . As a 
result, inconveniences occur in that, for example, the cullet 
10 covers the surface of a display and impairs the visibility. 
Moreover, in the case where a glass substrate is used for a 
touch panel or the like, the cullet adheres to a transparent 
conductive layer and causes short circuit . 
[0006] 

15 Although there is a method for reducing the generation 

of such lateral cracks through a chemical treatment , such a 
method wanes the productivity, leading to increased cost. 
Moreover, the use of a chemical treatment has a problem in 
that it generates a variation in glass strength. 

20 [0007] 

On the other hand, as a laser cutting method, for example, 
a heat cutting method with a carbon dioxide gas laser has been 
proposed in Japanese Patent Publication No. 8-217478, 
Japanese Patent Publication No. 11-254172 and the like. 
25 [0008] 

In the case where a cutting method only with normal laser 
light radiation is used, however, on a cut side face of the 
glass substrate 1 which is formed by radiating laser light, 
minute cracks and cullet are adversely generated in a laser 
30 mark 2 that appears from the laser-irradiated side, as 
represented by a schematic sectional structure showing an 
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example thereof in Fig. 8. 
[0009] 

To cope with such a problem, a cutting method, which 
takes advantage of combined effects of heating through 
5 radiation of a carbon dioxide gas laser or the like and forced 
cooling using water or a compressed air, has been proposed. 
According to this method, a thermal strain is generated in 
glass owing to the combined effects and is used as a trigger 
to cut a glass to be separated. 
10 [0010] 

In particular, this cutting method incorporating laser 
radiation and forced cooling attracts attention as a cutting 
method for obtaining a thin glass substrate having a thickness 
of 1.1 mm or less, for example, about 0.3 to 0.7 mm. Such 
15 a thin glass substrate is utilized for a touch panel that is 
recently attached on a surface of various displays as a simple 
way of inputting information or for a portable terminal using 
such a touch panel. 
[0011] 

20 This method is advantageous in that microcracks are 

scarcely generated because no mechanical force is applied to 
a glass. 

SUMMARY OF THE INVENTION 
25 [0012] 

Even in the case where such laser light radiation and 
forced cooling are conducted, however, as schematically 
illustrated in Fig. 9A, if laser light is radiated on a glass 
plate 10, for example, in a horizontal direction indicated 
30 with a broken line Xi and longitudinal directions indicated 
with broken lines y x and y 2 , followed by forced cooling so as 
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to cut the glass plate 10, a burr 11 or a chip 12 occurs at 
an intersection a of horizontal laser radiation and 
longitudinal laser radiation as shown in Fig. 9B. 
[0013] 

5 At the intersection a, it is desirable that cut faces 

should be vertical as shown in Fig. 9C. In fact, however, 
a cut face becomes slant or curved to give rise to degradation 
of dimensional accuracy. As a result, the productivity and 
yield decrease, which in turn disadvantageously increases the 
10 cost. 

[0014] 

The present invention provides a glass substrate 
excellent in strength properties and a glass cutting method, 
which prevents the generation of a crack and a chip on cut 
15 faces when a glass substrate having predetermined size is 
separated from a glass plate, thus avoiding the generation 
of any pulverized powder at the cut portion. 
[0015] 

In the present invention, a glass substrate is formed 
20 by cutting at least with laser light radiation, wherein a 
surface roughness is 50 nm or less on a cut side face of the 
glass substrate and a depth of a laser mark on the cut side 
face is 0.06 mm or more. 
[0016] 

25 Moreover, in the above-described structure , the depths 

of the laser marks are different on a first cut side face of 
the glass substrate and on a second cut side face of the glass 
substrate. The second cut face is different from the first 
cut side face. 

30 [0017] 

Furthermore, the above -described depths of the laser 



marks are different by 2% or more between on the first cut 

side face and on the second cut side face. 

[0018] 

Moreover, in each of the above -described structures, 
5 the laser mark is formed on the first cut side face of the 
glass substrate so as to have a predetermined depth from a 
first principal surface of the glass substrate, whereas the 
laser mask is formed on the second cut side face of the glass 
substrate so as to have a predetermined depth from a second 
10 principal surface . The second cut side face is different from 
the first cut side face and the second principal surface is 
the back surface of the first principal surface. 
[0019] 

Furthermore, in a glass cutting method for cutting a 
15 glass plate using at least laser light radiation and forced 
cooling, cutting is carried out while varying a laser power 
or a scanning speed of laser light between in a first cutting 
direction with respect to the glass plate and in a second 
cutting direction. The second cutting direction is 
20 different from the first cutting direction. 
[0020] 

Moreover, in the above-described glass cutting method, 
the laser power or the scanning speed of the laser light is 
varied by 4% or more between in the first cutting direction 
25 and in the second cutting direction. 
[0021] 

Furthermore, in a glass cutting method for cutting a 
glass plate using laser light radiation and forced cooling, 
including the steps of radiating laser light onto the first 
30 principal surface of the glass plate so as to cut the glass 
plate in the first cutting direction, and radiating laser 
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light radiation onto the second principal surface of the glass 
plate so as to cut the glass plate in the second cutting 
direction. The second cutting direction is different from 
the first cutting direction and the second principal surface 
5 is the back surface of the first principal surface. 
[0022] 

Furthermore, the glass substrate having the 
above -described structure is used for a touch panel including 
a glass substrate, a light-transmitting conductive layer 
10 formed on the glass substrate, and a film base material 
arranged so as to be opposed to the glass substrate at a 
predetermined distance therebetween. 
[0023] 

Furthermore, in the present invention, the glass 
15 substrate having the above-described structure is used for 
a portable terminal with a touch panel. 
[0024] 

As described above, in the present invention, in a glass 
cutting method using laser light radiation and forced cooling, 

20 immediately after laser light is radiated at a different laser 
power or a different scanning speed of the laser light so that 
depth of the laser mark on the first cut side face of the glass 
substrate differs from that on the second cut side face, 
forced cooling is performed so as to cut the glass. In this 

25 manner, the generation of any crack or burr can be prevented 
at an intersection between the first cut side face and the 
second cut side face. As a result, the glass substrate can 
be obtained by cutting at predetermined dimensional accuracy. 
[0025] 

30 Furthermore, the glass substrate is cut in the first 

cutting direction and in the second cutting direction by 
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radiating laser light from different principal surfaces (the 
front surface and the back surface) of the glass substrate, 
respectively, so that laser marks are vertically separated 
on the different cut side faces. As a result, the generation 
5 of any crack or burr can be prevented at the intersection 
between the first and the second cut side faces in the same 
manner as above. Therefore, the glass substrate can be 
obtained by cutting at predetermined dimensional accuracy. 
[0026] 

10 The reason for success in such cutting is understood 

to be as follows. A stress of a strain, which might be 
otherwise generated by heating with laser light radiation 
followed by forced cooling, can be prevented from being 
generated in two directions at the intersection of the cut 

15 side faces. A stress is generated only in a direction 
vertical to glass cutting, that is, only in a direction 
vertical to a principal surface of the glass substrate so as 
to cut the glass plate. 
[0027] 

20 According to such a glass cutting method of the present 

invention, a surface roughness of the cut side face is 50 nm 
or less, so that a glass substrate which does not require any 
chemical treatment on its side faces can be obtained. 
Moreover, the glass substrate can maintain a strength of 4 5 

25 kgf or more based on a static load measurement. 
[0028] 

Furthermore, according to the present invention, since 
any crack or burr is not generated, a thin glass substrate 
at predetermined dimensional accuracy can be manufactured 
30 with good productivity and yield. Therefore, in the case 
where the glass substrate according to the present invention 
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is used for a touch panel or a portable terminal, the 
improvement in productivity and yield as well as the reduction 
in cost can be ensured. 
[0029] 

5 As described above, in a glass cutting method, laser 

marks have different depths on the cut side faces of a glass 
substrate after cutting. Moreover, the laser marks are 
formed from the first principal surface and the second 
principal surface of the glass substrate. As a result, the 

10 generation of a burr or a chip on the cut side face of glass 
can be avoided, so that the glass substrate, on which no 
pulverized powder is adhered, can be manufactured at 
predetermined dimensional accuracy with good yield and 
productivity . 

15 [0030] 

According to the present invention as described above, 
any crack is prevented from being generated on the cut side 
faces. Glass breakage and glass chip, which might otherwise 
occur due to the generation of a crack, are reduced and 
20 remarkably decreased, respectively. As a result, a glass 
substrate for a touch panel, excellent in properties, can be 
provided . 
[0031] 

Moreover, the static load strength of glass can be 
25 improved to about 45 kgf or more, which is higher than a 
conventional strength. Therefore, for a touch panel using 
this glass substrate, the strength of a product can be 
improved . 
[0032] 

30 In particular, the strength against a pressure to a 

touch panel at the time of inputting information, which is 
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peculiar to a touch panel, or the strength against a load or 
an impulse applied by an accidental force in the daily life, 
can be improved. As a result, product failure and complaints 
from consumers can be reduced. 
5 [0033] 

Therefore, according to the present invention, the 
improvement in reliability, durability and quality of a 
product itself such as a touch panel or a portable terminal 
can be achieved. Furthermore, the glass substrate can be 
10 further thinned, whereby a touch panel and a portable terminal 
can be thinner and lighter, size and weight. 
[0034] 

Furthermore, in the case where a product is not intended 
to be miniaturized, the functionality of the product can be 
15 enhanced by adding functions owing to saving space which is 
realized by reducing a thickness of the substrate. Moreover, 
the improvement in assembly accuracy of products and the 
reduction in variation of product quality can be realized. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 
[0035] 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following description of the presently preferred exemplary 
25 embodiments of the present invention taken in conjunction 
with the accompanying drawings, in which: 
[0036] 

Fig. 1A is a schematic perspective view of an example 
of a glass substrate. Fig. IB is a schematic side view of a 
30 principal part of an example of the glass substrate. Fig. 1C 
is a schematic side view of a principal part of an example 
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of the glass substrate, and Fig. ID is a schematic side view 
of a principal part of an example of the glass substrate; 
[0037] 

Fig. 2A is an illustration of an example of a glass 
5 cutting method. Fig. 2B is an illustration of an example of 
the glass cutting method, and Fig. 2C is an illustration of 
an example of the glass cutting method; 
[0038] 

Fig. 3A is an illustration of an example of a glass 
10 cutting method. Fig. 3B is an illustration of an example of 
the glass cutting method, and Fig. 3C is an illustration of 
an example of the glass cutting method; 
[0039] 

Fig. 4 is a distribution map showing a relationship 
15 between sample numbers and the load strength of glass 
substrates ; 
[0040] 

Fig. 5A is a schematic plan view of a frame of a touch 
panel, and Fig. 5B is a schematic sectional view of a frame 
20 of a touch panel; 
[0041] 

Fig. 6A is an illustration of an inner end edge of a 
window portion of a frame of a touch panel. Fig. 6B is an 
illustration of an inner end edge of a window portion of a 
25 frame of a touch panel, and Fig. 6C is an illustration of an 
inner end edge of a window portion of a frame of a touch panel; 
[0042] 

Fig. 7A is an illustration of a strength of a glass 
substrate. Fig. 7B is an illustration of a strength of a glass 
30 substrate. Fig. 7C is an illustration of a strength of a glass 
substrate, and Fig. 7D is an illustration of a strength of 



a glass substrate; 
[0043] 

Fig. 8 is a schematic sectional view of an example of 
a conventional glass substrate; and 
5 [0044] 

Fig. 9A is an illustration of a glass cutting method. 
Fig. 9B is an illustration of cut side faces of glass, and 
Fig. 9C is an illustration of cut side faces of glass. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0045] 

Hereinafter, embodiments of a glass substrate and a 
glass cutting method according to the present invention and 
examples and comparative examples based on the embodiments 

15 will be described in detail with reference to the accompanying 
drawings. In the following embodiments, the case where the 
present invention is applied to a glass substrate for a 
portable terminal equipped with a touch panel and to a cutting 
method for obtaining such a glass substrate will be described. 

20 However, it is apparent that various changes and 
modifications are possible unless the invention departs from 
the scope of the present invention. 
[0046] 

In Figs. 1A to ID, a schematic structure of a glass 
25 substrate 1 according to a structure of the present invention 
is shown. As a material of the glass substrate 1, besides 
so-called soda glass made of Na, K and Si0 2 , nonalkali glass 
can also be used. 
[0047] 

30 As shown in Fig. 1A, the glass substrate 1 has a first 

principal surface 1A and a second principal surface IB. The 
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glass substrate 1 also has a first side face 3A and a second 
side face 3B along two perpendicularly crossing directions 
indicated with, for example, arrows x and y, respectively. 
[0048] 

5 In the glass substrate according to the present 

invention, as shown in Fig. IB, a laser mark 2A having a depth 
di from the first principal surface 1A is formed on the first 
side face 3A. As shown in Fig. 1C, a laser mark 2B having 
a depth d 2 from the first principal surface 1A is formed on 
10 the second side face 3B. The relationship between the 
above-described depths di and d 2 is established as di * d 2 . 
[0049] 

Another glass substrate according to the present 
invention is formed so that the laser mark 2A having the depth 

15 di from the first principal surface 1A is formed on the first 
side face 3A as shown in Fig. IB while the laser mark 2B having 
the depth d 2 from the second principal surface IB is formed 
on the second side face 3B. In this case, the relationship 
between the depths di and d 2 may be either di = d 2 or di * d 2 . 

20 [0050] 

Next, a glass cutting method for cutting a glass as 
described above will be described. 
[0051] 

First, as shown in a schematic plan view of Fig. 2A, 
25 a glass plate 10 made of soda glass or the like with a thickness 
of, for example, 0.7 mm is cut with laser light radiation and 
forced cooling in a first cutting direction indicated with 
horizontal broken lines Xi to x 5 in Fig. 2A and in a second 
cutting direction indicated with longitudinal broken lines 
30 yi to y 5 . 
[0052] 



» 



In the present invention, as in Figs. 2B and 2C where 
laser light radiation regions respectively are shown as 
concave notches on the first principal surface 1A of the glass 
plate 10, a cut depth of the laser radiation region in the 
5 first cutting direction is made different from that in the 
second cutting direction. 
[0053] 

Specifically, as shown in Fig. 2B, for laser light 
radiation in a vertical direction indicated with arrows Xi' 
10 to x 5 ', a depth in the first cutting direction is set at di 
in the first cutting direction corresponding to the broken 
lines xi to x 5 in Fig. 2A. 
[0054] 

As shown in Fig. 2C, for laser light radiation in a 
15 vertical direction indicated with arrows yi ' to y 5 ' , the laser 
light radiation is conducted so that a depth d 2 in the second 
cutting direction differs from the above-described depth di 
in the second cutting direction corresponding to the broken 
lines y x to y 5 in Fig. 2A. 
20 [0055] 

As a specific method for making the depths in the 
respective cutting directions different from each other, a 
method of varying a laser power or a scanning speed of laser 
light radiation can be adapted. 
25 [0056] 

Since the definition itself of a quantitative 
measurement of a processing depth while varying the 
conditions of laser light radiation is not standardized, the 
result of such a measurement is not generally represented in 
30 numerical terms. For simplification, however, examples and 
comparative examples described below are carried out. 



assuming that the energy of laser radiation for each unit area 
and the laser processing depth are in proportion to each other 
in this specification, 
[0057] 

5 In another aspect of the present invention, as 

schematically shown in Figs. 3A and 3C, laser light radiation 
is performed from the side of the first principal surface 1A 
and the side of the second principal surface IB of the glass 
plate 10, respectively. 
10 [0058] 

Specifically, for cutting in the first cutting 
direction indicated with the broken lines Xi to x 5 in Fig. 
3A, laser light is radiated onto the first principal surface 
1A of the glass plate 10 as schematically indicated with 

15 arrows Xi' to x 5 ' in Fig. 3B. 

For cutting in the second cutting direction indicated with 
the broken lines y x to y 5 in Fig. 3A, when scanning radiation 
of laser light is implemented in a direction vertical to the 
paper plane of Fig. 3C, laser light is radiated onto the second 

20 principal surface IB of the glass plate 10 as schematically 
indicated with arrows yi r to y 5 ' in Fig. 3C. 
[0059] 

In Figs. 2B, 2C, 3B and 3C described above , a cut portion 
is schematically illustrated as a concave notch in a laser 

25 light radiation region. This cut portion schematically 
represents a region constituting the laser mark 2 on the cut 
side face, described in Figs. 1A to ID. The laser mark is 
formed at directly below the principal surface by laser 
radiation and forced cooling, which corresponds to the 

30 concave notch. Below the laser mark, the cut side face 
perpendicular to the principal surface of the substrate is 
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formed. 
[0060] 

In any of the above -described cases, immediately after 
scanning radiation of laser light, forced cooling is 
5 performed by approaching a nozzle for spraying, for example, 
a volatile material such as ethanol, methanol, isopropyl 
alcohol or acetone, or a compressed gas such as air or an N 2 
gas to a laser spot. 
[0061] 
10 <Examples> 

Next, glass substrates were cut with the 
above-described glass cutting method, as showing in Examples 
1 to 10 and Comparative Examples 1 to 5 below, the significant 
effects of dimensional accuracy was confirmed according to 
15 the present invention. 
[0062] 

In the following examples and comparative examples , the 
glass plate 10 made of soda glass with a thickness of 0.7 mm 
was prepared. The radiation of a carbon dioxide gas laser 
20 with a laser power of 50 W and forced cooling by means of spray 
of ethanol from a nozzle were performed to the glass plate 
10 to make a glass substrate for a touch panel, having size 
of 87.65 mm by 64.65 mm, as the target size. 
[0063] 

25 The scanning radiation of the carbon dioxide laser was 

implemented at a laser scanning speed of 4 . 8 m/minute in the 
first cutting direction indicated with the broken lines x x 
to x 5 in Fig. 2A and at a laser scanning speed of 5 . 2 m/minute 
in the second cutting direction indicated with the broken 

30 lines yi to y 5 , thereby obtaining glass substrates of Examples 
1 to 5, respectively, by cutting. 

15 



[0064] 

Horizontal dimensions at the upper and lower ends of 
each of the glass substrates in Examples 1 to 5 are denoted 
by horizontal dimensions 1 and 2, respectively. 
5 Longitudinal dimensions at the left and right ends are denoted 
by longitudinal dimensions 1 and 2, respectively. The 
horizontal dimensions 1 and 2 and the longitudinal dimensions 
1 and 2 are shown in Table 1 below, where these dimensions 
are all indicated in mm. 
10 [0065] 



[Table 1] 





Horizontal 

dimension 

1 


Horizontal 

dimension 

2 


Longitudinal 
dimension 1 


Longitudinal 
dimension 2 


Example 
1 


87.65 


87.65 


64 .65 


64.65 


Example 
2 


87.65 


87 . 70 


64.65 


64.65 


Example 
3 


87.70 


87.80 


64.65 


64.65 


Example 
4 


87 . 70 


87.65 


64.65 


64.65 


Example 
5 


87.80 


87.70 


64.65 


64.65 


Maximum 
value 


87.80 


87.80 


64.65 


64.65 


Minimum 
value 


87.65 


87.65 


64.65 


64.65 


Maximum 
error 


0. 15 


0. 15 


0.00 


0.00 
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(+) 










Maximum 

error 

(-) 


0.00 


0.00 


0.00 


0.00 


Error 
span 


0.15 


0.15 


0.00 


0.00 



[0066] 



As Comparative Examples 1 to 5, glass substrates having 
the same target size as that of the glass substrates of 
Examples 1 to 5 described above were obtained by cutting a 
5 glass plate made of the same material with the same structure, 
but at a fixed laser scanning speed of 4.8 m/minute. The 
results are shown in Table 2 below. 
[0067] 



[Table 2] 





Horizontal 

dimension 

1 


Horizontal 

dimension 

2 


Longitudinal 
dimension 1 


Longitudinal 
dimension 2 


Comparative 
Example 1 


87.75 


87.65 


64. 70 


64.70 


Comparative 
Example 2 


87.69 


87.77 


64. 66 


64.34 


Comparative 
Example 3 


87.71 


87.77 


64.63 


64.64 


Comparative 
Example 4 


87.70 


87.95 


64.70 


64.70 


Comparative 
Example 5 


87. 72 


87.73 


64.66 


64.64 


Maximum 
value 


87.75 


87.95 


64.70 


64.70 
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Minimum 
value 


87.69 


87.65 


64 .63 


64.34 


Maximum 
error ( + ) 


0. 10 


0.30 


0.05 


0.05 


Maximum 
error ( - ) 


0.00 


0.00 


-0.02 


-0.31 


Error span 


0.10 


0.00 


0.07 


0.36 



[0068] 



As can be seen from these results, in Examples 1 to 5 
obtained by the glass cutting method according to the present 
invention, that is, the method at different scanning speeds 
5 of laser light in the first and the second cutting directions, 
the glass substrates can be formed to have a dimensional shape 
after cutting with the maximum plus error of 0.15 mm and the 
minus error of 0.00 mm with respect to the target size. 
[0069] 

10 On the other hand, in Comparative Examples 1 to 5 

obtained by the method at the same scanning speed of laser 
light, a variation in dimensional shape occurs, that is, the 
maximum plus error of 0.3 mm and the maximum minus error of 
-0.31 mm. Moreover, in Comparative Examples 1 to 5, the 

15 occurrence of a burr was visually confirmed on each cut side 
face . 
[0070] 

When the first and the second side cut faces were formed 
after the above -described scanning speed of laser light was 
20 changed from 4.8 m/minute to 4 . 9 m/minute, which corresponds 
to the amount of change of less than 4%, significant results 
could not be obtained. Only the dimensional accuracy with 
an error span of about 0 . 3 mm could be obtained as in 
Comparative Examples 1 to 5. Moreover, the occurrence of a 
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burr was visually confirmed on the cut side face . On the other 
hand, when the scanning speed was changed by 4% or more, for 
example, the scanning speed was changed to 5 . 0 m/minute, the 
same error span as that in the examples shown in Table 1 could 
be obtained. Moreover, no burr was observed on the cut face. 
[0071] 

The examination was also carried out for the case where 
a laser power of laser light was varied. When the glass 
substrate made of the same material with the same structure 
as those of the glass substrates of Examples 1 to 5 described 
above was formed by cutting at a laser power of 50 W in the 
first cutting direction and a laser power of 48 W in the second 
cutting direction, the glass substrate could be separated at 
dimensional accuracy with an error span of about 0.15 mm as 
in each of the examples described above . 
[0072] 

Furthermore, also in this case, glass was cut with laser 
radiation in the first and the second cutting directions with 
the amount of change in laser power of less than 4%, followed 
by forced cooling. As a result, as in each of the comparative 
examples described above, an error span was about 0.3 mm or 
more. Moreover, the occurrence of a burr was visually 
confirmed. 
[0073] 

Thus, in the present invention, as a specific method 
for providing laser marks having different depths, laser 
light is radiated with a difference of 4% or more in scanning 
speed as well as in laser power. 
[0074] 

Based on the following results of measurements, it was 
found that a depth of a laser mark of 0.06 mm or more was 
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required as a depth of a laser mark. 
[0075] 

In the following example, glass plates made of soda 
glass respectively with thicknesses of 0 . 7 mm and 0 . 55 mm were 
5 prepared. Laser marks were made to have different depths in 
the first and the second cutting directions described above. 
Then, the shallow depth of the laser mark and a static load 
strength to a glass substrate after each cutting were measured. 
The static load strength was measured by a normal glass 
10 breaking strength measurement device with a presser having 
a diameter of 20 mm and at a pressurizing rate of 1 mm/second. 
The results were shown in Table 3 below. 
[0076] 



[Table 3] 



Depth of laser 
mark [mm] 


Glass strength against crack [kgf ] 


Glass with thickness 
of 0.7 mm 


Glass with thickness 
of 0.55 mm 


0.04 


28 


20 


0.06 


49 


32 


0.08 


54 


35 


0. 10 


60 


37 


0. 12 


60 


37 


0. 13 


60 


37 



15 [0077] 

As can be seen from the results, in the case where the 
depth of a laser mark was less than 0.06 mm, i.e., 0.04 mm, 
the static load strength is remarkably deteriorated, that is, 
as low as 28 kgf or less. On the other hand, in the case where 
20 the depth of a laser mark was 0 . 06 mm, the static load strength 
was improved even by 21 kgf for glass having a thickness of 

20 



0.7 nun and by 12 kgf for glass having a thickness of 0.55 mm, 
as compared with the case where the depth of a laser mark was 
0 . 04 mm. 
[0078] 

5 Therefore, for the glass substrates according to the 

present invention, the depth of a laser mark is selected to 
be 0.06 mm or larger. 
[0079] 

Next, the results of measurements in the case where the 
10 glass plate was cut in the first and the second cutting 
directions by radiating laser light from its first and second 
principal surfaces are shown. 
[0080] 

In Examples 6 to 10, the glass plate was cut load light 
15 radiation from the first and the second principal surfaces 
at a laser power of 50 W and a laser scanning speed of 4.8 
m/minute f followed by forced cooling. The dimensional 
accuracy of each of the glass substrates obtained by cutting 
was measured in the same manner as in Examples 1 to 5 and 
20 Comparative Examples 1 to 5 described above. In Table 4, all 
dimensional values are indicated in mm. 
[0081] 



[Table 4] 





Horizontal 

dimension 

1 


Horizontal 

dimension 

2 


Longitudinal 
dimension 1 


Longitudinal 
dimension 2 


Example 
6 


87.70 


87.65 


64.65 


64.65 


Example 
7 


87.65 


87.65 


64.65 


64.65 
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Example 
8 


87.65 


87.70 


64.65 


64.65 


Example 
9 


87.65 


87.65 


64.65 


64.65 


Example 
10 


87.65 


87.70 


64.65 


64.65 


Maximum 
value 


87. 70 


87.70 


64.65 


64.65 


Minimum 
value 


87.65 


87 .65 


64.65 


64.65 


Maximum 
error 
( + ) 


0.05 


0.05 


0.00 


0.00 


Maximum 

error 

(-) 


0.00 


0.00 


0.00 


0.00 


Error 
span 


0.05 


0.05 


0.00 


0.00 



[0082] 



As can be seen from the results, in the case where laser 
light is radiated from the first and the second principal 
surfaces, dimensional errors are 0.05 mm for a plus error and 
5 0.00 mm for a minus error. Therefore, it is found that an 
error span is restrained to 0.05 mm or less. 
[0083] 

Moreover, a surface roughness of the cut side face in 
each of Examples 1 to 10 described above was measured through 
10 an atomic force microscope (AFM) . Then, it was found that 
a surface roughness could be restrained to 50 nm or less in 
all Examples . 
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[0084] 

Moreover, Fig. 4 shows the results of measurements for 
a static load strength of a glass substrate obtained by 
cutting according to the present invention including Examples 
5 described above and a static load strength of a glass 
substrate obtained by cutting with a carbide roller. In this 
case, the static load strength was also measured with a normal 
glass breaking strength measurement device. A diameter of 
a presser was 20 mm, and a pressurizing rate was set at 1 

10 mm/second. In Fig. 4, a solid line a represents the glass 
substrate according to the present invention, while a solid 
line b represents the glass substrate having a conventional 
structure obtained by cutting with the carbide roller. The 
peak number of samples was obtained at a static load strength 

15 of about 6 5 kgf according to the present invention. On the 
other hand, a strength of only about 30 kgf was obtained for 
glass substrates of a conventional structure. 
[0085] 

Based on this result, it is understood that the glass 
20 substrates obtained by the glass cutting method according to 
the present invention have a static load strength of about 
45 kgf or more. 
[0086] 

The example where such a glass substrate excellent in 
25 strength properties as compared with a conventional glass 
substrate is used for a touch panel is schematically shown 
in Figs. 5A and 5B. In Fig. 5A, a frame 21 for mounting and 
fixing a glass substrate used for a touch panel thereon is 
shown. The frame 21, which is made of an Al alloy or the like, 
30 is fixedly placed on each of various displays such as a liquid 
crystal display device or an organic EL (Electro 
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Luminescence) display device. A window section 22 is formed 
at the position corresponding to a display screen. 
[0087] 

Fig. 5B shows a schematic sectional structure in the 
5 state where a touch panel 30 is fixedly mounted onto the frame 
21. The touch panel 30 is constituted as follows. On the 
glass substrate 1, a light-transmitting conductive layer made 
of ITO (a complex oxide of In-Sn) is formed to have a 
predetermined pattern through sputtering or the like, 

10 although not shown in the drawings. On this 

light-transmitting conductive layer, a film base material 31, 
on which another light-transmitting conductive layer made of 
ITO or the like is formed to have a predetermined pattern, 
• e is provided through spacers made of an acrylic resin or the 

15 like. The film base material 31 and the glass substrate 1 
are arranged so as to be opposed to each other with a 
predetermined distance therebetween so that the 
light -emitting conductive layers are situated on the inner 
sides. Then, the film base material 31 and the glass 

20 substrate 1 are supported and fixed at a distance of about 
several ^m therebetween, for example, through an adhesive 
tape, for example, at an outer edge 32. 
[0088] 

In the present invention, along with the improvement 
25 in strength of the glass substrate 1, in particular, an inner 
end edge 23 of the window section of the frame 21 is constituted 
to have a shape obtained through various processes as 
schematically shown in Figs. 6A to 6C. For example, as shown 
in Fig. 6A, a peripheral surface 23a, that is, an R-surface 
30 having a radius r of 0.2 mm or more and 0 . 5 mm or less is 
provided. 



[0089] 

Alternatively, as shown in Fig. 6B, a slope 23b is 
provided to have a length 1 of 0 . 2 mm or more and 0.5 mm or 
less from the inner end edge and at an angle 0 of 10° and or 
5 more and 4 5° or less from a plane parallel to the glass 
substrate. 
[0090] 

Further alternatively, as shown in Fig. 6C, a step 23c 
is provided to have a width w of 0.2 mm or more and 0 . 5 mm 
10 or less from the inner end edge and a step height h of 0 . 2 
mm or more and 0 . 5 mm or less from a plane opposed to the glass 
substrate. 
[0091] 

By processing the inner end edge 23 of the window section 
15 in this manner, the load strength of the glass base material, 
which is fixedly attached onto the frame 21 through a tape, 
a paste or the like, can be increased. 
[0092] 

In the case where a peripheral surface is formed on the 
20 inner end edge 23 of the window section of the frame 21 
described above, a yield is remarkably decreased with the 
radius r of less than 0 . 2 mm. Although the radius r exceeding 
0.5 mm is effective against glass breakage, the workability 
is disadvantageously decreased in a fabrication process. 
25 Therefore, in the case where a peripheral surface is formed, 
it is desirable that the radius r is should be set within the 
range of 0.2 mm to 0.5 mm. 
[0093] 

In the case where a slope is formed on the inner end 
30 edge 23 of the window section of the frame 21, no change is 
observed in yield with the length 1 of 0 . 2 mm at the angle 
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0 of 4 5° or more. Since a stable strength is obtained with 
the length 1 in the range of 0.2 mm to 0.5 mm at the angle 
6 in the range of 10° to 45° , it is desired that the length 

1 and the angle 6 should be selected within the above ranges 
5 when a slope is formed. 

[0094] 

Moreover, also in the case where the step is provided, 
significant effects in terms of glass strength can be obtained 
when the step width w is selected to be within the range of 
10 0 . 2 mm to 0 . 5 mm and the step height h is selected to be within 
the range of 0.2 mm to 0.5 mm. Therefore, it is desirable 
that the step should be formed so that its width and height 
fall within the above ranges . 
[0095] 

15 As described above, a peripheral surface, a slope or 

a step is formed on the inner end edge of the window section 
of the frame at the display, on which a touch panel is fixedly 
placed, thereby further increasing the load strength of glass. 
As a result, the strength of a product can be improved. 

20 [0096] 

As a material of the glass substrate, soda glass or the 
like can be used as described above . In the case where a glass 
substrate manufactured by a float method is used, the glass 
substrate can further hold the strength by the following 
25 method. 
[0097] 

A float method is a method of manufacturing glass. 
According to this method, a glass material is molten in 
tabular and is then allowed to flow on molten Sn so as to 
30 generate a compression stress on a surface which is not in 
contact with molten Sn, thereby improving the flatness of this 
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surface. In a glass substrate manufactured by the float 
method, as schematically illustrated in Fig. 7A, compression 
stresses Pi and p 2 are generated on the surface opposed to 
a float surface 3 side (the surface being in contact with 
5 molten Sn). When a load is applied from the float surface 
3 side as indicated with an arrow gi, a tension is generated 
in the direction offsetting the compression stresses pi and 

[0098] 

10 In the case where an applied load g 2 is small as shown 

in Fig. 7B, tensions ti and t 2 are offset by the compression 
stresses p x and p 2 . When an applied load g 3 is increased as 
shown in Fig. 7C, tensions ti" and t 2 ' become equal to the 
compression stresses pi and p 2 . The glass substrate 1 

15 normally maintains the load strength up to this state. If 
the applied load is further increased, the glass substrate 
1 is broken as shown in Fig. 7D. 
[0099] 

As described above, since the glass substrate 
20 manufactured by the float method has compression stresses on 
its front surface, such a glass substrate has a high load 
strength against the pressure from its back surface as 
compared with other glass substrates. 
[0100] 

25 However, in the case where the glass substrate 1 is used 

as a glass substrate for a touch panel, the glass substrate 
is heated at a high temperature of 300 °C or higher when a 
light -transmitting conductive layer, an Si0 2 coating film or 
the like is grown by sputtering, vapor deposition, dipping 

30 or the like. 
[0101] 
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At this high- temperature heating, due to annealing 
effects in which a compression stress inherent to the glass 
substrate manufactured by the float method is released by heat , 
the glass substrate can no longer hold its original load 
5 strength. Specifically, the strength owing to compression 
stresses described above in Figs . 7A to 7C disappears . As 
a result, the load strength resulting from the float surface 
3 is deteriorated. 
[0102] 

10 The inventors and the like succeeded in reduction of 

release of stresses due to heat by using a low- temperature 
film growth method at 200 °C or lower when a conductive layer 
made of ITO or the like is to be grown by sputtering or vapor 
deposition described above. As a result, a significant 

15 difference could be obtained in load strength after film 
growth . 
[0103] 

The following Table 5 shows the number of samples of 
glass substrates after film growth through conventional 

20 sputtering, the number of samples of glass substrates after 
film growth through low- temperature sputtering, average load 
strengths (N) , their standard deviations , the minimum values 
and the maximum values . 
[0104] 

25 [Table 5] 





Before 


Glass 


Glass substrate 




film 


substrate 


formed by 




growth 


formed by 


low- temperature 






normal 


sputtering 






sputtering 
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Sample number 


100 


100 


100 


Average load 
strength [N] 


16.42 


7.57 


14.60 


Standard 
deviation 


3.044 


1.804 


3.044 


Minimum value 


9.40 


5.31 


7.47 


Maximum value 


20. 11 


13.37 


18.80 


Amount of 
degradation 
under load [N] 




8.81 


1.81 



[0105] 



As can be seen from Table 5, for a glass substrate after 
conventional film growth, the load strength is deteriorated 
by about 9 N in terms of the mean value. On the other hand, 
5 the deterioration in load strength is stayed about 2 N in the 
case of the glass substrate obtained through low- temperature 
sputtering at 200 °C or lower. 
[0106] 

Therefore, a light- transmitting conductive layer made 
10 of ITO or the like is formed on the glass substrate by 
low- temperature sputtering at 200 °C or lower, so that the 
original strength of the glass substrate that is manufactured 
by the float method can be maintained. Furthermore, the 
strength of a product can be maintained. As a result, it is 
15 understood that the reliability of a product can be improved. 
[0107] 

As described above, according to the present invention, 
in a glass cutting method, glass is cut while varying a laser 
power of laser light or a scanning speed of laser light between 
20 a first cutting direction and a second cutting direction so 
that laser marks have different depths on cut side faces of 



a glass substrate after cutting. As a result, a slant face 
or a curved face can be prevented from being generated on the 
cut side face. Therefore, the glass substrate can be formed 
with vertical side faces. 
5 [0108] 

Each of the above described examples has been described 
for the case where the glass substrate is used for a touch 
panel or a touch panel of a portable terminal. However, it 
is apparent that various changes and modifications are 

10 possible for the present invention unless the present 
invention departs from the above -described structure of the 
present invention. For example, the present invention is 
applicable to a glass substrate which is used for various 
displays such as PDA (Personal Digital Assistant) , POS (Point 

15 Of Sales) or ATM (Automatic Teller Machine). 
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